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$EVWUDFW
,Q WKH GRPDLQ RI FRPSXWHU YLVLRQ ERRVWLQJ KDVEHFRPH D YHU\ SRZHUIXO WRRO 7KHPHWKRG LV XVHG WR IRUP D VWURQJ FODVVLILHU
DSSOLHGLQVHYHUDODSSOLFDWLRQVRISDWWHUQUHFRJQLWLRQDQGPDFKLQHYLVLRQ%RRVWLQJLVDVHTXHQWLDODOJRULWKPZKLFKVHSDUDWHVWKH
LQVWDQFHV E\ WKH VHOHFWLRQ RIZHDN FODVVLILHUV DQG DGGV WKHP WR D ILQDO FODVVLILHU WKHUHDIWHU PRGLILHV WKHZHLJKWV RI GLIIHUHQW
WUDLQLQJGDWDVDPSOHVDQGDSSOLHVWKHVDPHFODVVLILFDWLRQDOJRULWKPLQLWHUDWLYHZD\7KHILQDOGHFLVLRQLVPDGHE\WKHVRFDOOHG
ILQDOFODVVLILHUWKHUHVSRQVHVRIZKLFKDUHDSSOLHGLQDZHLJKWHGYRWLQJGHFLVLRQ
,QWKLVDSSURDFKZHVWDUWIURPDSDUWEDVHGREMHFWGHWHFWLRQV\VWHPGHVFULEHGLQSUHYLRXVDUWLFOHV>@7KHGHYHORSHGSDWFK
GHVFULSWRULVEDVHGRQWZRGLPHQVLRQDO*DERUZDYHOHWV7KH*DERUILOWHUVGHVFULEHWKHQHLJKERUKRRGRIDJLYHQLPDJHSL[HOLQ
WZRGLPHQVLRQDOVSDFH)URPWKHVHORFDOGHVFULSWRUVZHFUHDWHGGLIIHUHQWZHDNFODVVLILHUVZKLFKDUHXVHGLQWKHWUDLQLQJSKDVHRI
ERRVWLQJ:HKDYHFKRVHQWKHERRVWLQJDOJRULWKPIRUFODVVLILFDWLRQEHFDXVHLQWKHODVWGHFDGHWKHEHVWFODVVLILFDWLRQUHVXOWVKDYH
EHHQREWDLQHGE\WKLVDOJRULWKPLQWKHGRPDLQ
,Q WKLVSDSHUZHFRPSDUH WKUHH FODVVLILFDWLRQPHWKRGVEDVHGRQWKHERRVWLQJDSSURDFK7KH ILUVW LV'LVFUHWH$GD%RRVWZKLFK
FRQVLGHUV GLVFUHWH RXWSXWV  IRU REMHFWV RU  IRU QRQREMHFWV 7KH VHFRQG *HQWOH%RRVW WKLV DOJRULWKP PLQLPL]HV WKH
H[SRQHQWLDOORVVDQGUHWXUQVUHDOYDOXHVDVFODVVLILFDWLRQUHVSRQVHV7KHWKLUG/RJLW%RRVWLVWKHILWWLQJRIDQDGGLWLYHV\PPHWULF
ORJLVWLF UHJUHVVLRQ PRGHO E\ ORJOLNHOLKRRG WR WKH WUDLQLQJ VHW DQG VROYHV WKLV RSWLPL]DWLRQ ZLWK 1HZWRQ QXPHULFDO PHWKRG
)LQDOO\ZHPDNHDFRPSDULVRQRIWKHVHFODVVLILHUVLQRUGHUWRGUDZFRQFOXVLRQVUHJDUGLQJWKHGHWHFWLRQUDWHIDOVHGHWHFWLRQUDWH
DQGRWKHUFODVVLILFDWLRQPHDVXUHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV*DERUILOWHUVORFDOGHVFULSWRU$GD%RRVW*HQWOH%RRVW/RJLW%RRVW

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,QWURGXFWLRQ
2QH RI WKH PRVW XVHG FODVVLILFDWLRQ DOJRULWKPV LQ FRPSXWHU YLVLRQ DUH WKH %RRVWLQJ DOJRULWKPV 7KH EHVW
FODVVLILFDWLRQ UHVXOWV IRU REMHFW GHWHFWLRQ DUH REWDLQHG E\ WKHVH PHWKRGV 7KLV DOJRULWKP FDQ EH FRQVLGHUHG DV D
FRPELQDWLRQRIEDWFKOHDUQLQJDQGRQOLQHOHDUQLQJ7KHILUVWYDULDQWRI%RRVWLQJ>@ZDVDOHDUQHUZLWKDQLQILQLWH
QXPEHURIWUDLQLQJVDPSOHVEXWVLQFHWKLVWKHRUHWLFDODOJRULWKPDSSHDUHGVHYHUDOLPSURYHPHQWVKDYHEHHQPDGHWR
LW7KHRQOLQHYHUVLRQKDVEHHQFUHDWHG>@ZKLFKPHDQVWKDWWKHWUDLQLQJGDWDEHFRPHVDYDLODEOHLQHYHU\LWHUDWLRQ
VWHS E\ VWHS 7KXV %RRVWLQJ LV D VHTXHQWLDO DOJRULWKP ZKLFK VHSDUDWHV WKH LQVWDQFHV E\ WKH VHOHFWLRQ RI ZHDN
FODVVLILHUVDQGDGGVWKHPWRDILQDOFODVVLILHUWKHUHDIWHUPRGLILHVWKHZHLJKWVRIGLIIHUHQWWUDLQLQJGDWDVDPSOHVDQG
DSSOLHV WKH FODVVLILFDWLRQ DOJRULWKP LQ HDFK VWHS 7KH ILQDO GHFLVLRQ LVPDGH E\ WKH VR FDOOHG ILQDO FODVVLILHU WKH
UHVSRQVHVRIZKLFKDUHREWDLQHGE\DZHLJKWHGYRWLQJGHFLVLRQ7KLVRQOLQHYHUVLRQPDLQWDLQVWKHPHPRU\QHHGRI
WKH DOJRULWKP FRQVWDQW EXW HDFK QHZ FODVVLILHU GHSHQGV RQ WKH SUHYLRXVO\ FUHDWHGZHDN FODVVLILHUV &RPSDUHG WR
EDJJLQJDOJRULWKPV>@WKHVHFODVVLILHUVDUHQRWLQGHSHQGHQWIURPHDFKRWKHU7KHSUREDELOLW\RIEHORQJLQJWRD
JLYHQFODVVRIWKHWUDLQLQJVHWE\FODVVLI\LQJZLWKWKHVXEVHTXHQWFODVVLILHUVGHSHQGVRQWKHSUHYLRXVGHFLVLRQVRIWKH
DOUHDG\EXLOWVWURQJFODVVLILHU7KLVPHDQVWKDWWKHQHZO\FUHDWHGFODVVLILHUVDUHEXLOWLQRUGHUWRFODVVLI\EHWWHUDVWKH
SUHYLRXVRQHVWKH\SXWDQDFFHQWRQKDUGH[DPSOHVDQGLQFOXGHLQWKHLUWUDLQLQJVHWRQO\WKHVHKDUGLPDJHV
$QRWKHU LPSRUWDQW DGYDQWDJHRI WKH%RRVWLQJ FODVVLILHUV LV WKH DELOLW\ WR DFKLHYH DQ DUELWUDU\ ORZHUURU UDWH LQ
FODVVLILFDWLRQ7KLVLVFDOOHGVWURQJOHDUQDELOLW\>@7KHVWURQJOHDUQHUVDUHREWDLQHGIURPWKHOLQHDUFRPELQDWLRQRI
ZHDN OHDUQHUVDOVRFDOOHGZHDNFODVVLILHUV)RU WKHVHZHDNFODVVLILHUV WKHRQO\UHTXLUHPHQW LV WREHVOLJKWO\EHWWHU
WKDQUDQGRPJXHVVLQJWKXVWRKDYHDQHUURUUDWHRIOHVVWKDQ
,Q WKLVSDSHUZHSURSRVHDSDUWEDVHGREMHFWGHWHFWLRQ V\VWHPZKLFK LVEXLOW IURP WKH WKUHHPDMRUSKDVHVRID
JHQHUDO SDUWEDVHG REMHFW GHWHFWLRQ V\VWHP WKH LQWHUHVW SRLQWV DUH H[WUDFWHG EDVHG RQ WZRGLPHQVLRQDO *DERU
ZDYHOHWV WKH QHLJKERULQJ SDWFK RI HYHU\ LQWHUHVW SRLQW LV GHVFULEHG E\ WKH GHYHORSHG ORFDO IHDWXUH >@ 7KHVH
GHVFULSWRUVDUHFODVVLILHGE\PRUHFODVVLILFDWLRQPHWKRGV+HUHZHFRPSDUHWKHSHUIRUPDQFHRIFODVVLILFDWLRQRIRXU
SDWFK GHVFULSWRU ZLWK WKH PRVW NQRZQ %RRVWLQJ $OJRULWKPV OLNH $GD%RRVW *HQWOH%RRVW DQG /RJLW%RRVW >@
%HVLGHVZHFRPSDUHWKLVDSSURDFKWRRXUSUHYLRXVZRUNZKHUHZHKDYHSURSRVHGRWKHUFODVVLILFDWLRQPHWKRGVIRU
WKHVDPHORFDOGHVFULSWRU690>@5%)11>@DQGN11FODVVLILFDWLRQ>@
7KLVSDSHULVRUJDQL]HGDVIROORZVWKHILUVWVHFWLRQLVDVKRUWLQWURGXFWLRQLWIROORZVDVXPPDU\DERXWWKHUHODWHG
PRVW LPSRUWDQWZRUNV LQ WKH VWDWH RI WKH DUW7KH WKLUG VHFWLRQSUHVHQWV WKH WKUHHPRVW NQRZQ%RRVWHG FODVVLILHUV
$GD%RRVW *HQWOH%RRVW DQG /RJLW%RRVW 7KH QH[W VHFWLRQ GHVFULEHV RXU DSSURDFK )LQDOO\ VRPH H[SHULPHQWDO
UHVXOWVDQGGHWHFWLRQSHUIRUPDQFHVDUHH[SRVHG
5HODWHGZRUN
7KH ILUVW ERRVWLQJ DOJRULWKP GHYHORSHG LV WKH $GD%RRVW E\ )UHXQG DQG 6FKDSLUH >@ 7KLV DOJRULWKP ZDV
RULJLQDOO\ PHDQW WR VROYH ELQDU\ FODVV SUREOHPV DQG ODWHU IURP WKLV WKH PXOWLFODVV YHUVLRQ ZDV FUHDWHG FDOOHG
$GD%RRVW0 DQG$GD%RRVW0 7KHPDLQ LGHD RI WKH EDVH DOJRULWKP LV WR FRPELQHPDQ\ZHDN FODVVLILHUV DQG
REWDLQDSRZHUIXO ILQDOFODVVLILHU7KLVPHWKRGZDV LPSOHPHQWHG LQ WKHVWDQGDUGIDFHGHWHFWLRQDOJRULWKPRI9LROD
DQG-RQHV>@7KHDXWKRUVXVHGLIIHUHQW+DDUIHDWXUHVLQRUGHUWRREWDLQWKHZHDNFODVVLILHUV
'LIIHUHQW YDULDQWV RI %RRVWLQJ DOJRULWKP ZHUH LPSOHPHQWHG DQG FRPSDUHG VXFK DV $GD%RRVW 5HDO%RRVW>@
*HQWOH%RRVW>@DQG/RJLW%RRVW>@5HDO$GDERRVWLVWKHJHQHUDOYHUVLRQRIWKH'LVFUHWH$GD%RRVWZKHUHWKH
RXWSXW YDOXHV RI WKH ZHDN FODVVLILHUV DUH UHDO QXPEHUV DQG WKH\ UHSUHVHQW WKH FODVV SUREDELOLW\ HVWLPDWH RI HDFK
FODVVLILHU ,Q >@ DXWKRUV GHVFULEH D QHZERRVWLQJ DOJRULWKPFDOOHG)ORDW%RRVW IRUPXOWLYLHZ IDFHGHWHFWLRQ7KLV
PHWKRGFRPELQHV)ORDWLQJ6HDUFK LQWR$GD%RRVW ,W LVEDVHGRQDFRPSOH[ WRVLPSOH[DUFKLWHFWXUHRI WKHGHWHFWRU
S\UDPLG,WFRPELQHVVPDOOHUQXPEHURIZHDNFODVVLILHUVDQGKDVVLPLODURUKLJKHUDFFXUDF\WKDQWKH$GDERRVW,Q
>@ WKH(QW%RRVW LV SUHVHQWHGZKLFK LV DPRUH HIILFLHQW OHDUQLQJ RIZHDN FODVVLILHUV E\ XVLQJ HQWURS\PHDVXUHV
&ODVV HQWURS\ LQIRUPDWLRQ LV XVHG WR DXWRPDWLFDOO\ HVWLPDWH WKH RSWLPDO QXPEHU RI ELQV WKURXJK GLVFUHWL]DWLRQ
SURFHVV 7KHQ .XOOEDFN±/HLEOHU GLYHUJHQFH LV FRPSXWHG ZKLFK LV WKH UHODWLYH HQWURS\ EHWZHHQ SUREDELOLW\
GLVWULEXWLRQVRISRVLWLYHDQGQHJDWLYHVDPSOHV LQRUGHUWRVHOHFW WKHEHVWZHDNFODVVLILHU LQWKHZHDNFODVVLILHUVHW
7KHSDSHU>@FRPELQHVHYROXWLRQDU\SUXQLQJWRUHGXFHWKHQXPEHURIZHDNFODVVLILHUVLQWKH$GD%RRVWDOJRULWKP
WKHDXWKRUVVD\WKDWWKHLUDOJRULWKPUHGXFHVWKHQXPEHURIFODVVLILHUVE\PRUHWKDQ,QWKHDUWLFOH>@WKHDXWKRUV
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H[DPLQHWKHDFFXUDF\RIDSSUR[LPDWLRQRIDVLQJOHFODVVLILHU7KH\ILQGWKDWHQVHPEOHVRIVXSSRUWYHFWRUPDFKLQHV
FDQDWWDLQKLJKHUDFFXUDF\ZLWKOHVVGDWDWKDQHQVHPEOHVRIGHFLVLRQWUHHV
7KH0'%RRVW>@LVDQHZGHVLJQHGDOJRULWKPE\0DUJLQ'LVWULEXWLRQ%RRVWLQJZKLFKPD[LPL]HVWKHPDUJLQ
GLVWULEXWLRQ DQG PLQLPL]HV WKH PDUJLQ YDULDQFH LQVWHDG RI PLQLPL]LQJ WKH ORVV IXQFWLRQ $ WRWDOO\ FRUUHFWLYH
RSWLPL]DWLRQDOJRULWKPEDVHGRQFROXPQJHQHUDWLRQLVSURSRVHGWRLPSOHPHQW0'%RRVW
<LQHW DO>@ VWXG\ WKHHIIHFWRI QRLV\DQGZURQJO\ ODEHOHGGDWD0XOWLSOHHPSLULFDO VWXGLHVKDYH VKRZHG WKDW
QRLVHLQGDWDVHWGUDPDWLFDOO\GHFUHDVHWKHFODVVLILFDWLRQDFFXUDF\DQGLQFUHDVHWKHFRPSOH[LW\RIFODVVLILFDWLRQ
(OZHOO HW DOO >@ SURSRVH DQ DOJRULWKP /HDUQ16( LQ QRQVWDWLRQDU\ HQYLURQPHQWV ZLWKRXW PDNLQJ DQ\
DVVXPSWLRQVRQWKHXQGHUO\LQJGDWD
7KH PDLQ GLVDGYDQWDJHV DUH WKH KXQGUHGV RI IHDWXUHV ZKLFK KDYH WR EH FRPSXWHG DW HDFK VWDJH DQG DW HYHU\
FRQVLGHUHGLPDJHSRLQWDVLQWKHWUDLQDQGDVLQWKHWHVWSKDVHV6HYHUDODXWKRUVKDYHPDGHH[SHULPHQWVWRLPSURYH
WKH WHVW VSHHGRI WKHGHWHFWRU7KH+R*+LVWRJUDPRI2ULHQWHG*UDGLHQW DQGRWKHU KLVWRJUDPEDVHG IHDWXUHV >@
KDYHEHHQLPSOHPHQWHGWRUHGXFHWKHFRPSXWDWLRQDOFRPSOH[LW\IRUWKHWHVWLPDJHV
7KHRWKHUGUDZEDFNLVKDQGOLQJLPEDODQFHGGDWDVHW7KLVPHDQVWKDWRQHFODVVKDVZLWKRUGHURIPDJQLWXGHVPRUH
LQVWDQFHV WKDQ WKH RWKHUV FODVVHV 7KH PRVW FODVVLILFDWLRQ DOJRULWKPV FDQQRW KDQGOH WKHVH GDWDVHWV DQG KDYH D
VLJQLILFDQWWKURZEDFNLQSHUIRUPDQFH>@
)RUPRUHGHWDLOVDERXWDOO WKHH[LVWLQJDSSURDFKHV LQ WKHILHOGRI%RRVWLQJDOJRULWKPKDYHD ORRNDW WKHUHYLHZ
DUWLFOHVRIWKLVGRPDLQ>@
,QWKLVSDSHUZHSURSRVHWRFUHDWHDORFDOGHVFULSWRUEDVHGRQ*DERUZDYHOHWV>@+HUHDFODVVLILFDWLRQGHFLVLRQ
LV PDGH E\ WKH PRVW NQRZQ %RRVWLQJ DOJRULWKPV VXFK DV $GD%RRVW *HQWOH%RRVW DQG /RJLW%RRVW 7KH IHDWXUHV
REWDLQHGIURPWKHLPDJHLQIRUPDWLRQDUHREWDLQHGWKURXJKRXUGHYHORSHGSDWFKGHVFULSWRU>@SUHVHQWHGLQSUHYLRXV
SDSHUV>@
7KHRUHWLFDO%DFNJURXQG
$GD%RRVW
7KH$GD%RRVWDOJRULWKPLVSURSRVHGE\)UHXQGDQG6KDSLUH>@,WFRQVWUXFWVDQHQVHPEOHRIFODVVLILHUVDQGXVHV
DYRWLQJPHFKDQLVPIRUWKHFODVVLILFDWLRQ,QDZLGHYDULHW\RIFODVVLILFDWLRQSUREOHPVWKHLUZHLJKWLQJVFKHPHDQG
ILQDO FODVVLILHU PHUJH KDYH SURYHQ WR EH DQ HIILFLHQW PHWKRG IRU UHGXFLQJ ELDV DQG YDULDQFH DQG LPSURYLQJ
PLVFODVVLILFDWLRQUDWHV
7KHLGHDRIERRVWLQJLV WRXVHWKHZHDNFODVVLILHUWR IRUPDKLJKO\DFFXUDWHSUHGLFWLRQUXOHE\FDOOLQJWKHZHDN
FODVVLILHUUHSHDWHGO\RQGLIIHUHQWGLVWULEXWLRQVRYHUWKHWUDLQLQJH[DPSOHV$GD%RRVWZDVWKHILUVWDGDSWLYHERRVWLQJ
DOJRULWKP ZKLFK DXWRPDWLFDOO\ DGMXVWV LWV SDUDPHWHUV WR WKH GDWD EDVHG RQ WKH DFWXDO SHUIRUPDQFH LQ WKH FXUUHQW
LWHUDWLRQ,QLWLDOO\DOOWKHZHLJKWVDUHVHWHTXDOO\EXWHDFKURXQGWKHZHLJKWVRILQFRUUHFWO\FODVVLILHGH[DPSOHVDUH
LQFUHDVHGVRWKDWWKHLPDJHVZKLFKZHUHSRRUO\SUHGLFWHGE\WKHSUHYLRXVFODVVLILHUZLOOUHFHLYHJUHDWHUZHLJKWRQ
WKH QH[W LWHUDWLRQ 7KLV IRUFHV WKH OHDUQHU WR FRQFHQWUDWH RQ WKH H[DPSOHV WKDW DUH KDUG WR FODVVLI\ LQ WKH FXUUHQW
LWHUDWLRQ $IWHU D JLYHQ QXPEHU RI LWHUDWLRQ WKH ILQDO RXWSXW LV D SUREDELOLVWLF HVWLPDWH EDVHG RQ WKH WUDLQLQJ
DFFXUDF\>@7KHZHLJKWRIWKHZHDNOHDUQHULVFRPSXWHGLQIDFWIURPWKHFODVVLILFDWLRQHUURURIWKHFXUUHQWZHDN
FODVVLILHU7KHZHLJKWVDUHXSGDWHGE\DQH[SRQHQWLDOIXQFWLRQRIWKHFRQILGHQFHUHSUHVHQWLQJWKHSUHGLFDWLRQIRUWKH
WUXHODEHOYDOXH7KLVYDOXHLVREWDLQHGIURPWKHWUDLQLQJVHWVFDOHGE\WKHORJDULWKPLFHUURUIUDFWLRQDOJRULWKP
7KH ILQDO FODVVLILHU UHGXFHV WKH VWDWLVWLFDO GLVSHUVLRQ RI WKH GHFLVLRQ DQG DW WKH VDPH WLPH UHGXFLQJ WKH
FODVVLILFDWLRQHUURUWRR
,QWKHIROORZLQJZHUHFDSWKHGLVFUHWHYHUVLRQRIWKH$GD%RRVWDOJRULWKPNQRZQDV'LVFUHWH$GD%RRVW
7KLVDOJRULWKPLVDQLWHUDWLYHPHWKRGUHSHDWLQJ7WLPHV,QHDFKLWHUDWLRQDZHDNFODVVLILHULVVHOHFWHGZKLFKKDV
WKH WUDLQLQJVHW6DV LQSXWDQG WDNHV LQDFFRXQW WKHGLVWULEXWLRQRI LPDJHZHLJKWV'LWZKHUH L LV WKH LQGH[RI WKH
LPDJH DQG W LV WKH FXUUHQW LWHUDWLRQ )RU HDFK LQSXW LQVWDQFH WKH FRUUHVSRQGLQJ YDOXH RI WKH ZHDN FODVVLILHU LV
FRPSXWHGKW[L7KHVLJQRIWKLVYDOXHLVFRQVLGHUHGWREHWKHUHVSRQVHRIWKHZHDNFODVVLILHU)ROORZVWKHDGDSWLYH
FDOFXODWLRQ RI WKH ZHLJKW RI WKH ZHDN FODVVLILHUߙ௜ א Թ 7KLV LQWXLWLYHO\ PHDVXUHV WKH LPSRUWDQFH RI WKH VHOHFWHG
ZHDNFODVVLILHULQWKHILQDOFODVVLILHU,QLWLDOWKHZHLJKWVRIWKHLPDJHLQVWDQFHVLQWKHWUDLQLQJVHWDUHLQLWLDOL]HGDVD
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XQLIRUP GLVWULEXWLRQ WKXV WKH\ DUH HTXDO ,Q HYHU\ LWHUDWLRQ WKH ZHLJKWV RI WKH LQFRUUHFW FODVVLILHG LQVWDQFHV DUH
LQFUHDVHGDQGDWWKHVDPHWLPHWKHZHLJKWVRIFRUUHFWO\FODVVLILHGLQVWDQFHVGHFUHDVH
7ZR SDUDPHWHUV ZKHUH QRW VHW LQ WKLV JHQHUDO GHVFULSWLRQ WKH YDOXH RI WKH ZHDN FODVVLILHU KW[L DQG WKH
FRUUHVSRQGLQJZHLJKWߙ௜ ,Q >@ LVGHPRQVWUDWHG WKDW WKH WUDLQLQJHUURUKDVDQXSSHUERXQGDQGFDQEHFDOFXODWHG
EDVHGRQWKHHUURURIWKHZHDNFODVVLILHU
$OJRULWKP>@'LVFUHWH$GD%RRVW
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 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    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
,I WKH HUURU RI HDFK ZHDN FODVVLILHU LV OHVV WKDQ ò WKH WUDLQLQJ HUURU KDV DQ H[SRQHQWLDO IRUP EDVHG RQ WKH
FODVVLILFDWLRQHUURURIWKHZHDNFODVVLILHUV6RE\DGGLQJZHDNFODVVLILHUVWKHWUDLQLQJHUURUWHQGVWR
7KHPRVW LPSRUWDQW WKHRUHWLFDO SURSULHW\ RI $GD%RRVW FRQFHUQV LQ LWV DELOLW\ WR UHGXFH WKH WUDLQLQJ HUURU 7KH
$GD%RRVWFRQYHUWVDVHWRIZHDNFODVVLILHUVLQWRDVWURQJOHDUQLQJDOJRULWKPZKLFKFDQJHQHUDWHDQDUELWUDULO\ORZ
HUURU UDWH3UDFWLFDOO\ WKLV VWDWHPHQW LV OLPLWHG LQ WZRZD\V)LUVW WKHQXPEHURI XVHG FODVVLILHUV LV ILQLWH WKXV DQ
DUELWUDU\ORZHUURUUDWHLVQRWSRVVLEOHWRREWDLQ6HFRQGWKHFRPSXWDWLRQDOFRPSOH[LW\RIWUDLQLQJSKDVHLQFUHDVHV
ZLWKHDFKFODVVLILHUDGGHG%\REWDLQLQJDQGHTXLOLEULXPEHWZHHQ WKH WZR IDFWRUVZHDUHDEOH WRFRPELQHHQRXJK
ZHDNFODVVLILHUVLQRUGHUWRFUHDWHWKHGHVLUHGVWURQJFODVVLILHU
7KH PRVW LPSRUWDQW GUDZEDFN RI WKH DOJRULWKP LV WKH RYHUILWWLQJ 2Q WKH SKHQRPHQRQ RI RYHUILWWLQJ ZH
XQGHUVWDQGWKHIDFW WKDW WKHWUDLQLQJVHW LVPXFKEHWWHUDSSUR[LPDWHG7KHFODVVLILFDWLRQVXUIDFHOLHVH[DFWO\RQWKH
WUDLQLQJ HQWLWLHV DQG XQGHUSHUIRUPHV IRU WKH UHDO GDWD 7R DYRLG RYHUILWWLQJ WKH WDVN IRU WKH DOJRULWKP WKHUHIRUH
VKRXOG QRW EH WR ILQG WKH EHVW SRVVLEOH FODVVLILHU IRU WKH XQGHUO\LQJ WUDLQLQJ VDPSOH EXW UDWKHU WR ILQG WKH EHVW
SUHGLFWLRQUXOHIRUDVHWRIQHZREVHUYDWLRQV>@
*HQWOH%RRVW
%\ PRGLI\LQJ WKH FRGRPDLQ RI WKH IXQFWLRQ IURP $GD%RRVW LQVWHDG RI WZR GLVFUHWH YDOXHV ^ `   KHUH ZH
FRQVLGHU WKH VHW UHDO QXPEHUV 6R WKH GHILQLWLRQ RI WKH ZHDN FODVVLILHU EHFRPHV WK ; o   7KLV JHQHUDOL]HG
DOJRULWKP LV FDOOHG 5HDO $GD%RRVW>@ 7KH FODVVLILFDWLRQ LV WKH VLJQ RI WKH VXP RI ZHDN FODVVLILHUV

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WKHWUXHFODVV7KLVLVLQIDFWDFRQGLWLRQDOSUREDELOLW\HVWLPDWHEDVHGRQWKHWUDLQLQJVHW 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DQG WKH FRQWULEXWLRQ RI WKLV SUREDELOLW\ LQ WKH ILQDO FODVVLILHU LV WKHò RI WKH ORJLW IXQFWLRQ    OQ   
W
W
W
S [K [ S [  
'LVFUHWH DQG 5HDO $GD%RRVW DUH DGGLWLYH UHJUHVVLRQ PRGHOV WKH\ PLQLPL]H WKH H[SRQHQWLDO ORVV IXQFWLRQ    H[S \+ [- + (  >@,IWKHH[SRQHQWLDOORVVLVPLQLPL]HGE\WKHLWHUDWLYHPHWKRG1HZWRQ5DSKVRQZHREWDLQ
WKH VROXWLRQ RI WKH PLQLPXP LQ IRUP RI DQ LWHUDWLYH IRUPXOD ZLWK 1HZWRQ VWHS        H[S \ + [ K [- + (   
0LQLPXP RI  - + LV REWDLQHG E\ W W W+ + K   >@ 7KXV WKH *HQWOH%RRVW DOJRULWKP LV D YDULDQW RI 5HDO
$GD%RRVWZKHUHWKHPLQLPXPHUURULVREWDLQHGE\WKHDFWXDOL]DWLRQRIWKHILQDOFODVVLILHULQHDFKVWHS W+ ,QFDVH
RIWKH*HQWOH%RRVWWKH WK LVWKHGLIIHUHQFHRIZHLJKWHGFODVVSUREDELOLWLHV      W ' 'K 3 \ [ 3 \ [     
&RPSDULQJDOJRULWKPVDQGRQO\WKHDQGVWHSVDUHGLIIHUHQWDOJRULWKP
,QRXULPSOHPHQWDWLRQWKHFRQVLGHUHGUHJUHVVLRQIXQFWLRQIRU WK LVWKHVWHSIXQFWLRQKDYLQJWKHIROORZLQJIRUP
     RWKHUZLVHW
D E [K \ D [ E E
TT  !­  !   ®¯  
:HREWDLQWKHZHLJKWHGOHDVWVTXDUHHUURUE\FRPSXWLQJWKHSDUDPHWHUV   D E T ZKLFKPLQLPL]HWKHHUURUDQGIURP
WKLV WKH ZHDN FODVVLILHU LV REWDLQHG DSSO\LQJ WKH PLQLPL]DWLRQ RI WKH ZHLJKWHG OHDVW VTXDUH HUURU   DUJPLQM M M
M
D E :/6(UURUT  
/RJLW%RRVW
7KH/RJLW%RRVW>@LVWKHILWWLQJRIDQDGGLWLYHV\PPHWULFORJLVWLFUHJUHVVLRQPRGHOE\ ORJOLNHOLKRRGWRWKH
WUDLQLQJVHW+HUHWKHSUREDELOLW\LVFRPSXWHGE\WKHORJLVWLFPRGHO
+ 
+     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,WLVSURYHQ>@WKDWWKHPLQLPXPRIWKHELQRPLDOORJOLNHOLKRRG
 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
LVWKHVDPHH[SUHVVLRQDVWKHPLQLPXPRIWKHH[SRQHQWLDOORVV     H[S \+ [- + (  /RJLW%RRVWFRPSXWHVWKH
PLQLPXP E\1HZWRQ QXPHULFDO RSWLPL]DWLRQ ZKLFK QHHGV WKH ILUVW DQG VHFRQG RUGHU GHULYDWHV RI WKH HVWLPDWHG
YDOXH     ( ) [ I [ª º¬ ¼" 
7KH1HZWRQXSGDWHLV       +    W W) [ ) [ ( ) [ I [    ª º¬ ¼" ZKHUH + LVWKH+HVVLDQPDWUL[IRUPHGIURP
WKHVHFRQGRUGHUGHULYDWHVRI     ( ) [ I [ª º¬ ¼" DQG LVWKHILUVWRUGHUGHULYDWHRIWKHVDPHH[SUHVVLRQ
7KH RQO\ GLIIHUHQFH RI WKH*HQWOH%RRVW DOJRULWKP  DQG /RJLW%RRVW DOJRULWKP  FRQVLVW RI PRGLI\LQJ WKH
RSWLPL]DWLRQIXQFWLRQZKLFKFKDQJHVVWHSVDQG
5HVXOWVDQG([SHULPHQWV
2XUREMHFWGHWHFWRULVEDVHGRQWKHVDPHWKUHHJHQHUDOFRPSRQHQWVDVHYHU\SDUWEDVHGV\VWHPWKHVHDUHLQWHUHVW
SRLQWVZKLFKDUHDVHWRISRLQWVZKHUHORFDOREMHFWSDUWVDUHVHDUFKHGIRUDORFDOGHVFULSWRUWKDWUHSUHVHQWVDIRUPDO
GHVFULSWLRQRI LPDJHSDWFKHVFRUUHVSRQGLQJ WRGLIIHUHQWREMHFWSDUWVDQG WKH WKLUGFRPSRQHQW LV WKHREMHFWPRGHO
ZKLFKLVWKHPDWKHPDWLFDOIRUPDOLVPEDVHGRQZKLFKWKHREMHFWSDUWVFRPSRVLQJWKHWDUJHWREMHFWDUHGHWHFWHG
7KLVSDSHUSURSRVHVWRFUHDWHDQRYHOORFDOGHVFULSWRUUHO\LQJRQWZRGLPHQVLRQDO*DERUZDYHOHWVDQGFODVVLILHV
WKHREWDLQHG IHDWXUH7KHVH IHDWXUHVGHVFULEH WKHREMHFW SDUWV DQG FODVVLI\ WKHPZLWK VHYHUDOPHWKRGV:H LQWHQG
PDNH WKH ILQDO GHFLVLRQ RI FODVVLI\LQJ WKH WDUJHW LPDJH SDWFK DV REMHFW RU QRQREMHFW E\ DSSO\LQJ WKUHH GLIIHUHQW
%RRVWHGFODVVLILFDWLRQPHWKRGVSUHVHQWHGLQWKHSUHYLRXVFKDSWHU$GD%RRVW*HQWOH%RRVWDQG/RJLW%RRVW
/HWXVWDNHHYHU\SKDVHRIWKHFUHDWHGV\VWHP7KHILUVWVWHSLVWKHH[WUDFWLRQRILQWHUHVWSRLQWVLQWKHHYDOXDWHG
LPDJH+HUHZHKDYHXVHGWKH*DERUILOWHUVWRH[WUDFWWKHVHSRLQWV7KHFKRLFHRI*DERUILOWHUVIRUREMHFWGHWHFWLRQ
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LVGHPRQVWUDWHGE\VHYHUDODXWKRUVZKRKDYHSURYHQWKHYDOLGLW\RI*DERUZDYHOHWVZKLFKPRGHOWKHUHVSRQVHRI
WKHFHOOVRIKXPDQYLVXDOFRUWLFDOILHOGV
7KH*DERUZDYHOHWLVDVLQXVRLGDOSODQHZDYHPRGXODWHGE\D*DXVVLDQVXUIDFHLQ'VSDFH(YHU\LPDJHFDQEH
GHFRPSRVHGE\DVHOHFWHGEDVLVRI*DERUZDYHOHWV,QRWKHUZRUGVHYHU\*DERUZDYHOHWH[WUDFWVDFHUWDLQIUHTXHQF\
RIDQLPDJH7KHJRDOLVWRVHOHFWWKRVH*DERUILOWHUVZKLFKH[WUDFWGLIIHUHQWIHDWXUHVIURPWKHVDPHLPDJHLQVXFKD
ZD\WKDWWKHREWDLQHGUHVSRQVHVGLVWLQJXLVKWKHREMHFWIURPWKHEDFNJURXQGVDVZHOODVSRVVLEOH

$OJRULWKP>@*HQWOH%RRVW
,QSXW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HQGIRU
ILQDOFODVVLILHU     


7
W
W
VLJQ + [ VLJQ K [
 
§ · ¨ ¸© ¹¦ 
$OJRULWKP>@/RJLW%RRVW
,QSXW
     ^ ` ^ `           \   L LP P L \[ \ [ \ [ \ ZKHUH [ ; DQG6     
2XWSXWILQDOFODVVLILHU
,QLWLDOL]HZHLJKWV    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
%DVHGRQWKHVHWKHV\VWHPFRPSXWHVWKHILOWHUUHVSRQVHVFHQWHUHGRQWKHLPDJHSDWFK,QRUGHUWRFKRRVHRQO\WKH
PRVWUHSUHVHQWDWLYHILOWHUVDQGWKHZHLJKWRIHDFKRQHLQWKHILQDOGHFLVLRQDOHDUQLQJDOJRULWKPKDVWREHDSSOLHG,Q
WKLV DUWLFOH ZH DSSO\ RQ WKH VDPH WUDLQLQJ DQG WHVW VHW WKUHH %RRVWLQJ DOJRULWKPV 7KH ILUVW YDULDQW 'LVFUHWH
$GD%RRVWKDVRQO\GLVFUHWHUHVSRQVHV IRUHDFKZHDNFODVVLILHUIRUREMHFWSRLQWVDQGRUIRUQRQREMHFWV
7KHVHFRQGDOJRULWKPVLV*HQWOH%RRVWZKLFKKDVUHDOYDOXHVIRUHDFKZHDNFODVVLILHUDQGWDNHVWKHGHFLVLRQEDVHGRQ
WKH GLIIHUHQFHV RI SUREDELOLWLHV IRU HDFK FODVV DQG RSWLPL]HV WKH H[SRQHQWLDO ORVV 7KH WKLUG DOJRULWKP LV WKH
/RJLW%RRVWZKLFKFDOFXODWHVWKHRSWLPXPRIWKHELQRPLDOORJOLNHOLKRRGE\WKH1HZWRQLWHUDWLYHPHWKRGV
%DVHG RQ WKH FRQVLGHUDWLRQV GHVFULEHG DERYH ZH KDYH FUHDWHG RXU GHVFULSWRU DQG GHWHFWRU )LUVW ZH KDYH
H[WUDFWHGWKHLQWHUHVWSRLQWVFRPSXWLQJELGLPHQVLRQDO*DERUILOWHUUHVSRQVHV7KHVHWRILPDJHIHDWXUHVZKLFKKDGWR
EH FODVVLILHGZHUHGHILQHG LQ DGLPHQVLRQDO VSDFH ,Q WKLV VSDFHZHKDYHFRQVLGHUHG ILOWHUVZLWKGLIIHUHQW
SDUDPHWHUV >@ )RU WKH WUDLQLQJZH KDYH XVHG WKH)(5(7 >@ GDWDEDVH FRPELQHGZLWK RXU RZQ VHW RI
LPDJHV,QRUGHUWRFRPSDUHWKHFODVVLILFDWLRQSHUIRUPDQFHRIRXUDSSURDFKWRRWKHUZRUNVZHKDYHWRPHDVXUHWKH
GHWHFWLRQSHUIRUPDQFHVRQRQHRIWKHPRVWXVHGLPDJHGDWDEDVH)(5(77KHWUDLQLQJVHWFRQVLVWVRISRVLWLYH
DQGQHJDWLYHH[DPSOHVDQGWKHWHVWVHWRIDQGSDWFKHV7KHLPDJHSDWFKXVHGLQWKHWUDLQLQJSKDVHLV
îSL[HOVFHQWHUHGRQWKHH\HDQGWKHQHJDWLYHLPDJHVKDYHEHHQH[WUDFWHGUDQGRPO\IURPWKHIDFHQRWWKHH\H
,QRUGHUWRFRPSDUHWKHSHUIRUPDQFHVRIWKHWKUHHFODVVLILHUVZHKDYHPHDVXUHWKHFRUUHFWO\FODVVLILHGLQVWDQFHV
WUXHSRVLWLYHUDWHWKHIDOVHSRVLWLYHUDWHSUHFLVLRQDQGUHFDOO7KHSHUFHQWDJHRIFRUUHFWO\FODVVLILHGLQVWDQFHVLVWKH
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GHWHFWLRQ UDWH 7UXH SRVLWLYHV DUH REMHFW LQVWDQFHV FODVVLILHG FRUUHFWO\ )DOVH SRVLWLYHV DUH EDFNJURXQGV FODVVLILHG
LQFRUUHFWO\DVREMHFW3UHFLVLRQLVWKHSHUFHQWRISRVLWLYHFRUUHFWSUHGLFWLRQV35 7373)35HFDOOLVWKHSHUFHQW
RISRVLWLYHVFDVHVGHWHFWHG5& 7373)17KH)VFRUHFDQEHLQWHUSUHWHGDVDZHLJKWHGDYHUDJHRIWKHSUHFLVLRQ
DQGUHFDOOZKHUHDQ)VFRUHUHDFKHVLWVEHVWYDOXHDWDQGZRUVWVFRUHDW
7DEOH&RPSDULVRQRIWKHGHWHFWLRQUDWHVIRUWKHSUHVHQWHGWKUHHDOJRULWKPV
 $GD%RRVW *HQWOH%RRVW /RJLW%RRVW
'HWHFWLRQ5DWH&RUUHFWO\FODVVLILHG   
737UXH3RVLWLYH )DOVH1HJDWLYH   
)1)DOVH1HJDWLYH 7UXH3RVLWLYH   
717UXH1HJDWLYH )DOVH3RVLWLYH   
)3)DOVH3RVLWLYH 7UXH1HJDWLYH   
3UHFLVLRQIRUREMHFW 7373)3   
3UHFLVLRQIRUEDFNJURXQG7171)1   
5HFDOOIRUREMHFW7373)1   
5HFDOOIRUEDFNJURXQG7171)3   
)PHDVXUHIRUREMHFW355&355&   
)PHDVXUHIRUEDFNJURXQG   

$V ZH FDQ REVHUYH *HQWOH%RRVW DQG /RJLW%RRVW RXWSHUIRUPV $GD%RRVW 7KH *HQWOH%RRVW GHWHFWV WKH REMHFW
LQVWDQFHV EHWWHU DQG KDV D KLJKHU IDOVH SRVLWLYH UDWH /RJLW%RRVW GHWHFWV WKH EDFNJURXQGV EHWWHU DQG KDV D ORZHU
GHWHFWLRQ UDWH IRU WKH REMHFW 7KHVH FRQFOXVLRQV FDQ EH GUDZQ DOVR IURP WKH5HFDOO DQG )PHDVXUH YDOXHV 7KH
FKRLFHEHWZHHQWKHWZREHWWHUFODVVLILHUVGHSHQGVRQWKHSXUSRVHRIWKHFODVVLILFDWLRQSUREOHP,IZHZDQWDOPRVWDOO
WKH REMHFW WR EH GHWHFWHG ZH FKRRVH *HQWOH%RRVW ,I ZH FKRRVH /RJLW%RRVW ZH KDYH OHVV IDOVH GHWHFWLRQV 7KH
PHDVXUHVLQ WDEOHFDQEHYLVXDOL]HGE\WKH52&DQG35FXUYHV7KH5HFHLYHU2SHUDWLQJ&KDUDFWHULVWLFFXUYHLV
FUHDWHGE\SORWWLQJWKHWUXHSRVLWLYHUDWHDJDLQVWWKHIDOVHSRVLWLYHUDWHDWYDULRXVWKUHVKROGVHWWLQJV3UHFLVLRQ5HFDOO
FXUYH 35FXUYH LV FUHDWHG E\ SORWWLQJ WKH SUHFLVLRQ DJDLQVW WKH UHFDOO 7KH 52& ILJ  DQG 35 FXUYHV ILJ 
FRUUHVSRQGLQJWRRXUGDWDZHUHSORWWHGE\:(.$VRIWZDUHIUDPHZRUN>@


)LJ52&&XUYH/RJLW%RRVW    )LJ35&XUYH/RJLW%RRVW
&RQFOXVLRQVDQG)XWXUHZRUN
7KLVSDSHUSURSRVHVWRFUHDWHDQRYHOORFDOGHVFULSWRUUHO\LQJRQWZRGLPHQVLRQDO*DERUZDYHOHWVDQGFODVVLILHV
WKH REWDLQHG IHDWXUHV 7KHVH IHDWXUHV FKDUDFWHUL]H WKH REMHFW SDUWV ZKLFK KDYH WR EH FODVVLILHG 7KH DQDO\]HG
FODVVLILFDWLRQSHUIRUPDQFHVDUHEDVHGRQVHYHUDOYDULDQWVRI WKH%RRVWLQJDOJRULWKP7KHPHDVXUHPHQWVVKRZWKDW
*HQWOH%RRVWDQG/RJLW%RRVWRXWSHUIRUP$GD%RRVW*HQWOH%RRVWGHWHFWVWKHREMHFWLQVWDQFHVEHWWHUDQGKDVDKLJKHU
IDOVHSRVLWLYHUDWH,QFRQWUDVWWRWKLV/RJLW%RRVWGHWHFWVWKHEDFNJURXQGVEHWWHUDQGKDVDORZHUGHWHFWLRQUDWHIRU
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WKHREMHFW$VDFRQFOXVLRQDQGIXWXUHZRUNZHSURSRVHWRLPSOHPHQWDFRPELQDWLRQ*HQWOH%RRVWDQG/RJLW%RRVW
PHWKRGVE\LQWHUOHDYLQJWKHVHOHFWLRQRIZHDNFODVVLILHUV
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